An individual's body size is central to its behaviour and physiology, and tightly linked to its movement ability. The spatial arrangement of resources and a consumer's capacity to locate them are therefore expected to exert strong selection on consumer body size. We investigated the evolutionary impact of both the fragmentation and loss of habitat on consumer body size and its feedback effects on resource distribution, under varying levels of information used during habitat choice. We developed a mechanistic, individual-based, spatially explicit model, including several allometric rules for key consumer traits. Our model reveals that as resources become more fragmented and scarce, informed habitat choice selects for larger body sizes while random habitat choice promotes small sizes. Information use may thus be an overlooked explanation for the observed variation in body size responses to habitat fragmentation. Moreover, we find that resources can accumulate and aggregate if information about resource abundance is incomplete. Informed movement results in stable resource-consumer dynamics and controlled resources across space. However, habitat loss and fragmentation destabilize local dynamics and disturb resource suppression by the consumer. Considering information use during movement is thus critical to understand the eco-evolutionary dynamics underlying the functioning and structuring of consumer communities.
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Background
Habitat loss and fragmentation can alter species composition but can also cause shifts in body size at both the population and community level [1, 2] . Eventually, shifts in size distributions impact ecosystem dynamics (including fluxes of nutrients) and functioning [3, 4] . As such, a better understanding of how habitat loss and fragmentation alter selection on body size distributions is crucial [5] . An organism's body size is one of its most defining characteristics. Because of the three-fourth scaling rule with metabolic rate, body size is strongly correlated with an array of functional traits, such as ingestion rate, movement speed and developmental time [6, 7] . As such, body size represents the outcome of several selective pressures acting on different life-history traits, setting boundaries to the ecology, physiology and functioning of an individual [6, 7] . Body size distributions within communities additionally affect intra-and interspecific interactions, important higher-level properties of food webs, and ecosystem functioning [8] [9] [10] . Overall, body size can be considered a universal trait constraining ecological and evolutionary dynamics [11, 12] .
Body size distributions are strongly determined by the availability of resources and their distribution across space [13] [14] [15] [16] [17] . An individual's body size influences its foraging behaviour and more specifically its home range size and scale of foraging. Only individuals that forage at the scale at which resources are present, are predicted to survive, resulting in a strong selection on body size [15, 17, 18] . With habitat loss and fragmentation, the spatial distribution of resources is altered, yet the principal consequences for (future) body size distributions are unclear. On the one hand, large-bodied individuals may be selected as they have high starvation resistance and are able to cover large distances [6, 19, 20] . On the other hand, small-sized individuals may benefit from short developmental times and low energy requirements [6] . Empirical studies illustrate positive [21] [22] [23] , negative [24, 25] or insignificant [19] effects of habitat fragmentation on average body size within populations. At the community level, shifts in species abundances and therefore size distributions strongly depend on the taxonomical group [26, 27] . For instance, community-weighted mean body size of macro-moths and butterflies was shown to increase with human-induced fragmentation, whereas it decreased for ground beetles and weevils [27] . Despite this variation in empirical results and the absence of a consensus in theoretical work, several theoretical studies have acknowledged a strong dependency of size distributions on habitat configuration [13, 14, 28, 29] . Habitat loss and fragmentation are considered two distinct processes [30] . Habitat loss results in a decreased percentage of suitable habitat, whereas fragmentation per se implies a decrease in its spatial autocorrelation [30] . Most experimental studies focus on their joint effect using the term 'habitat fragmentation' or 'landscape simplification', without assessing the effects of each of these processes independently (e.g. [19, [23] [24] [25] 31, 32] but see [22, 33] for an exception). This is surprising as habitat loss is anticipated to only have devastating effects, whereas fragmentation per se can have both positive and negative effects on species survival [30] . Most studies focus on the effect of habitat fragmentation within a patch-oriented metacommunity perspective (i.e. by considering patch extinction-colonization rates at large spatial and temporal scales) [20] . The spatial organization of habitat and resources at the scale of foraging are, however, known to have the strongest impact on demography [34] . Still, little attention has been given to their impact on size distributions at this scale (e.g. [1] , exceptions: [28, 32] ).
Not only resource availability, but also the type of movement regulates how populations and communities are spatially structured [35] . High movement frequencies result in spatially coupled populations, whereas low frequencies result in classic metapopulations or metacommunities [36] . Dispersal is typically defined as an event within an individual's life cycle and assessed at large spatial and temporal scales. While it is still unclear to which extent dispersal is a special movement behaviour, many routine displacements related to foraging or mate searching are known to eventually lead to movements to novel places of reproduction and gene flow [37] . Dispersal may thus eventually emerge from the integration of daily movement processes [37] . Furthermore, movement behaviour not only depends on an individual's body size, but also on the information perceived during movement, which enables individuals to continuously update decisions on how far to move and where to stop and settle [38] . The available information differs between organisms, depending on the complexity of their senses. As indicated by theoretical studies, some degree of informed habitat selection is known to strongly affect spatial dynamics and coexistence compared to random walks [39, 40] . Therefore, the effect of informed movement should be incorporated in studies focusing on movement ecology [41] .
We designed an individual-based, spatially explicit model to study the effect of habitat configuration on the body size distribution of a population or community of arthropods. As the level of information perceived during movement is crucial for movement and therefore body size evolution, we investigated a possible interaction with this trait. We applied a mechanistic approach by incorporating established allometric rules linking body size with movement speed, movement costs, basal metabolic rate, ingestion rate, developmental time and clutch size into our model. Our model is inspired by arthropods, as they show movement types ranging from completely uninformed to informed and have an additional advantage that their eco-evolutionary dynamics can be modelled at realistic temporal and spatial scales. The universal nature of the applied allometric rules, however, does enable us to generate insights that apply to a wide range of taxa (ectotherms and endotherms) that move actively and grow deterministically [6, 7] . Importantly, as the spatial structure is implemented at the scale of individual neighbourhoods, any upscaling to larger extents is possible as long as the relative spatio-temporal dimensions of the landscape and the organismal functioning are retained.
Methods
The applied model is a spatially explicit, discrete-time model with overlapping generations. One time step corresponds to 1 day within the lifetime of the consumer. We here took an arthropod-centred approach and parametrized allometric rules for a haploid, parthenogenetic arthropod species feeding on plants (the resource), with a semelparous life cycle. By applying an individual-based approach, we were able to include intraspecific size variation and stochasticity within the model. This approach in conjunction with the assumption of asexual reproduction and equivalent ontogenetic and interspecific scaling exponents [42, 43] , implies that our results can be interpreted both at the metapopulation and metacommunity level.
See the electronic supplementary material, part S1 for a detailed description of our model following the Overview, Design concepts and Details (ODD) protocol [44] . An overview of all parameters is available in the electronic supplementary material, table S1.1. The model reached equilibrium after 2400 -20 000 time steps (days), depending on the evolved body size (small to large, respectively; see the electronic supplementary material part S2 for an overview). Total number of individuals within the landscape differed as well and varied from 400 to 250 000 individuals (electronic supplementary material, figure S5.1).
(a) The landscape
The landscape is a cellular grid of 100 by 100 cells and is generated using the Python package NLMpy [45] . Each cell within the landscape has a side length of 0.25 m and therefore a total surface of 0.0625 m 2 . The scale of effect when studying foraging behaviour is approximated by an individual's home range [46] . Therefore, the applied landscape dimensions are chosen to approximate the size of the searching area (see later) of the largest possible individual.
Within the landscape, a distinction is made between suitable and unsuitable habitat. Only within suitable habitat, the resource is able to grow. When testing the effect of landscape configuration, the proportion of suitable habitat (P) and habitat autocorrelation (H ) was varied between landscapes. Habitat availability increases with P, whereas fragmentation per se decreases with H. The following values were assigned to P: 0.05, 0.20, 0.50 or 0.90. H equalled 1 (in all four cases), 0.5 (when P equalled 0.05 or 0.20) or 0 (when P equalled 0.05). As such, highly fragmented landscapes with a high amount of suitable habitat were not included in the analysis as these rarely occur in nature [47] .
(b) The resource
Resources are not individually modelled but by a logistic growth model for each habitat cell. Local resource biomass is represented as the total energetic content of resource tissue within that cell (R x,y in Joules). This resource availability grows logistically in time depending on the resource's carrying capacity (K ) and intrinsic growth rate (r).
(c) The consumer
All consumers are individually modelled within the landscape. The consumer has two life stages: a juvenile and adult life stage. Within a day, both stages have the chance to execute different events (figure 1).
First, an individual nourishes its energy reserve by consumption. Second, the energy reserve is depleted by the cost of daily maintenance (i.e. basal metabolic rate) and the cost of movement. To assess the effect of informed settlement on our results, three different types of movement (see below) were implemented within the model. Third, juveniles may further deplete the energy reserve by growth, eventually resulting in maturation if they approximate their adult mass (W max ). Energy from consumed resources that was not expended during a day remains in the energy reserve. Body size is linked to many features of an individual. In this model, larger individuals move faster, have longer developmental times, larger clutch sizes, higher basal metabolic rates and higher ingestion rates. These traits also change during the developmental phase of an individual, corresponding to its body mass.
Energy for reproduction is collected during several days as only one clutch is produced during the lifetime of an individual. The energetic threshold for reproduction increases with body size. As the consumer species is semelparous, adults die after reproduction.
Individual body mass at maturity (W max , in kg) is coded by a single gene. Adult mass is heritable and may mutate with a probability of 0.001 during reproduction. This mutation rate is commonly applied within theoretical models [48, 49] . A new mutation is drawn from the uniform distribution [W max 2 (W max /2), W max þ (W max /2)] with W max referring to the adult mass of the parent. New mutations may not exceed the predefined boundaries [0.01 g, 3 g] that represent absolute physiological limits. As such, our minimum adult mass corresponds to the mass of a small grasshopper such as Tetrix undulata (0.01 g) and the maximum mass (3 g ) to that of some longhorn beetles (Cerambycidae), darkling beetles (Tenebrionidae), scarab beetles (Scarabaeidae) or grasshoppers (Acrididae). New variants of this trait may also originate by immigration (see below). Mutation enables fine-tuning of the optimal body size, whereas immigration facilitates fitness peak shifts.
(d) Initialization
Per parameter combination, 10 simulations were run. At the start of a simulation, adult individuals were introduced with an average density of two individuals per suitable cell. The adult mass of each individual (W max ) was defined as 10 raised to the power of a value drawn from the uniform interval [25, 22.522878745] . In other words, we sample a value between 0.00001 kg (minimum adult mass) and 0.003 kg (maximum adult mass). As such, individuals with masses of different orders of magnitude have an equal chance of being initialized in the landscape. Moreover, initialized distributions are skewed to small individuals. Because of computational limitations, total runtime differed between simulations. For an overview, see the electronic supplementary material, part S2.
(e) Immigration
The frequency with which immigrants arrive in the landscape is described by q. This variable is fixed at one per 100 days. The process of determining an immigrant's adults mass is similar to during initialization.
(f ) Consumer events
How body mass affects all consumer events is explained in detail in the electronic supplementary material part S1. Here, we give a short overview of the events and their most important equations.
(i) Consumption
The amount of energy ingested per day for an individual (i max in Joules) is determined as
with W being body mass (in kg) [6] . t f refers to the time devoted per day to consumption (in seconds) and is fixed at 15 h. Consumers experience scramble competition when competing for resources.
(ii) Basal metabolic rate
The standard metabolic rate of poikilotherms (M, in watts) is described by ([50] , cited in [6] ): determined by calculating the sum of all individuals' daily ingestion rates within that cell P imax x,y . By assuming a symmetric competition, the probability of moving ( p) is equal for all individuals present within the same cell and is calculated by (based on [51] ):
ð2:3Þ
Defining searching area. As one time step in our model corresponds to one day, we do not model the movement behaviour of an individual explicitly but instead, estimate the total area an individual can search for resources during a day. This area is called an individual's searching area and is calculated once per time step, for each moving individual. As all cells within a particular distance from the origin are equally intensively searched, the searching area is circular with a radius (rad) and a centre corresponding to the current location of an individual [52] . An individual's searching area increases with an individual's optimal speed (v opt ), movement time (t m ) and perceptual range (d per ). Both optimal speed and perceptual range depend on body mass, resulting in larger searching areas for larger individuals. The cost of movement includes the energy invested by an individual in prospecting its total searching area. Therefore, it is dependent on the size of the total searching area instead of the shortest distance between the cell of origin and cell of destination.
An individual's average speed of movement (v opt , in metres per second) is calculated by means of the following allometric equation, derived for walking insects ( [53] , cited in [6] ):
With W referring to the mass of an individual in kg, ignoring the mass of stored resources. The time an individual invests in movement per day (t m , in seconds) is maximally 1 h. In case too little internally stored energy (E r ) is present to support movement for one hour, t m is calculated by: The cost of moving during the time t m (t m . c m ) is subtracted from an individual's energy reserve. Based on t m and v opt , the total distance an individual covers at day t (d max ) is determined:
ð2:7Þ
Next, the perceptual range of an individual is determined by means of the following relationship:
ð2:8Þ
For simplicity, this relationship is linear and based on the assumption that the smallest individual (0.01 g) has a perceptual range of 0.10 m and the largest individual (3 g) a perceptual range of 1 m. The effect of this relationship has been tested (see the electronic supplementary material, part S3). Moreover, the positive relationship between body size and perceptual range or reaction distance has been illustrated over a wide range of taxa, including arthropods (supplementary information of [54] ).
The searching area of an individual is circular and its radius (rad, in m) is calculated by taking into account the total distance
Habitat choice. The selection process for finding a new location within this searching area depends on the selective ability of the individual. Here, we make a distinction between three types of selection procedures during movement. (i) Case 1: uninformed movement, within this scenario, movement is completely uninformed. As such, no distinction can be made between matrix and habitat. Within the searching area, the new location is randomly sampled. (ii) Case 2: partially informed movement, here, an individual is able to distinguish matrix from habitat and will always prefer the latter above the former. An individual will sample its location randomly from the suitable cells within its searching area. (iii) Case 3: informed movement, here, an individual moves to the cell with the highest amount of resources within its searching area.
(iv) Growth
The applied growth model is the one described by West et al. [43] for deterministic growth.
(v) Maturation
Juveniles reaching 99% of their adult mass (W max ) mature.
(vi) Reproduction
During reproduction, the relationship between total clutch size (CS, in kg) and mass (W, in kg) is determined by the following equation which is based on aquatic poikilotherms [55] :
For simplicity, the number of eggs per clutch (N) is fixed at 15.
(g) Data analysis
During each simulation, we traced changes in the mean amount of resources per cell, total number of adults and juveniles, average adult mass (W max ) and the coefficient of variation, skewness, and kurtosis of the consumer's adult mass (W max ) distribution. Every 500 time steps, the value of W max of maximum 50 000 randomly sampled individuals was collected.
(i) Variability
In order to infer the temporal stability of the community at different scales, we calculated the a, b 2 and g variability for each simulation run. This calculation is based on samples of total consumer biomass every 10 time steps during the final 100 time steps of a simulation within 100 pre-selected, suitable cells. a variability is a measure of the local temporal variability and is calculated by:
with w m referring to the temporal variance and m m to the temporal mean of the population or community consumer biomass in cell m [56] . The temporal variability at the metapopulation or metacommunity scale or g variability was calculated by:
with w mn referring to the temporal covariance of the population or community biomass between cells m and n [56] . Finally, b 2 variability or asynchrony-related spatial variability was determined by: (ii) Reproductive success and movement
Throughout the final 600 days of a simulation, 1000 eggs were randomly selected to be followed during their lifetime. The movements and reproductive success of the resulting consumer individuals were recorded.
(h) Sensitivity analysis
A thorough sensitivity analysis was conducted. See the electronic supplementary material, part S3 for an overview of the tested parameters and their effects.
Results
A clear interaction with information use is observed when studying the effect of habitat loss and fragmentation on the average body mass of a consumer population or community (figure 2). Individuals are larger with increasing loss of habitat when movement is fully informed (figure 2). This effect is enforced by increasing fragmentation (figure 2). When P ¼ 0.05, H ¼ 0 and movement is informed, 15% of the population does not belong to the smallest mass class ([0.00001-0.0000127 kg]) (electronic supplementary material, figure S5 .2). Although these larger individuals are lower in abundance than the smallest individuals, they represent a large fraction of total consumer biomass (60%). By contrast, average body mass decreases with habitat fragmentation when movement is uninformed (figure 2; electronic supplementary material, figure S5 .2). No clear pattern is observed when movement is partially informed. Still, individuals tend to be smallest within the landscape type with P ¼ 0.05 and H ¼ 1 and small individuals do not occur when P ¼ 0.05 and H ¼ 0 (figure 2; electronic supplementary material, figure S5 .2). When comparing body sizes between movement types, individuals with informed movement are the smallest (figure 2). The narrowest body mass distributions, reflected by the high level of kurtosis, occur in the landscapes with high percentages of suitable habitat (P ¼ 0.50 or 0.90) when movement is informed (electronic supplementary material, figures S5.2 and S5.3). Overall, most distributions are rightskewed, except for the distributions with partially informed movement, which tend to be neutrally skewed (electronic supplementary material, figures S5.2 and S5.4). Because the uninformed and partially informed strategy become identical when P approaches one, body mass distributions are similar when movement is partially informed or uninformed when P ¼ 0.9 (electronic supplementary material, figure S5.2).
As informed movement results in the selection of the smallest individuals with the lowest mass, the highest abundances are observed in these simulations (electronic supplementary material, figure S5.1) . Also, the chance of moving during a day is largest when movement is informed (electronic supplementary material, figure S5.5). Large individuals can occur in all landscape types when movement is partially informed and in landscapes with a high percentage of suitable habitat when movement is uninformed. Total lifetime is longest in those simulations having the largest individuals (electronic supplementary material, figure S5.6). As large individuals move further than small individuals (electronic supplementary material, figure S5.7), their total distance covered during one lifetime is also larger (electronic supplementary material, figure S5.8) .
At the local and inter-patch scale, temporal variability of total consumer biomass is highest when movement is informed (electronic supplementary material, figures S5.9 and S5.10). However, at the landscape scale, no clear distinction between movement types in temporal variability is observed (electronic supplementary material, figure S5.11) . Still, the landscape type with P ¼ 0.05 and H ¼ 1 is most variable at the landscape scale when movement is uninformed or partially informed (electronic supplementary material, figure S5.11 ). This explains why the consumer went extinct within two out of the 10 simulations with partially informed movement, for this landscape type.
Finally, when movement is informed, resource and consumer dynamics at the landscape scale are very stable ( figure 3) . During a simulation, resources are always spread according to a consistent, homogeneous pattern within the landscape ( figure 4, electronic supplementary material, figure S6.1) . On the contrary, when movement is uninformed or partially informed, resource and consumer dynamics fluctuate strongly in time ( figure 3 ). In addition to these temporal fluctuations, resources are either heterogeneously (figure 4; electronic supplementary material, figure S6. 2) or homogeneously (electronic supplementary material, figure S6. 3) 
Discussion
Several theoretical models have investigated how consumerresource dynamics are affected by non-random movement [39, 40] , body size distributions [10, 14, 29] , spatial habitat configuration [57, 58] , and more specifically, landscape fragmentation [59] . However, only a few studies combined these research interests in an integrated manner [13, 28] . Our study is unique as it investigates how body size distributions of a consumer population or community evolve in response to landscape fragmentation and habitat loss, while taking into account the level of informed habitat selection. It, therefore, provides a needed mechanistic understanding of optimal body size distributions and shows that individuals should become larger with increasing fragmentation and loss of habitat when movement is informed, smaller when movement is uninformed and be almost invariant when movement is partially informed. Information used during habitat selection has a critical impact as it is related to multiple costs during movement [52] .
(a) Informed movement
When movement is informed, individuals should be able to trace resource availability within the landscape, preventing local resource accumulation. This is in line with our observation that overall, average resource amounts are lowest when movement is informed (electronic supplementary material, figure S5.12 ). In our model, the efficiency of resource control is optimized owing to the high frequency of movement, implying that patches are strongly spatially coupled when movement is informed [36] . Also, variability across patches (b), having a stabilizing effect on variability at the landscape scale (g) [56] , is highest when movement is informed. As such, informed movement results in stable resource amounts and consumer numbers at the landscape scale. The stabilizing effect of informed movement is disturbed, however, with increasing habitat fragmentation, decreasing resource control by the consumer.
If resources are homogeneously distributed in space, even small individuals are guaranteed to find resources within their proximity if they are capable of informed movement. As these small individuals have the shortest developmental time, they have a large selective advantage over large individuals and dominate the population when P is high. When P is low, and especially when H is low as well, a small but stable number of large individuals are able to coexist within the landscape as only large individuals are able to trace isolated patches with resources. These patches are out of reach for the smallest individuals, which remain within well-connected patches. The sensitivity analysis highlights that when the relative mobility of the smallest individuals is decreased, only larger individuals survive when P and H are low; these findings highlight the role of the trade-off between movement (efficiency) and metabolic efficiency associated with body size. Our finding contradicts that of another theoretical study by Buchmann et al. [28] , who concluded that habitat destruction and fragmentation resulted in a relatively higher frequency of small individuals of mammals and birds. Assuming that mammals' and birds' movement is informed, we predict the opposite pattern. This inconsistency may result from differences in model design as their model did not include any resource -consumer dynamics and therefore local colonization-extinction events, which are crucial in shaping body size distributions. Moreover, it did not link body size with developmental time, which drives the selection of small individuals.
(b) Partially informed and uninformed movement
On the contrary, when movement is implemented as uninformed or partially informed, individuals do not observe local resource quantity, allowing for resources to accumulate. This results in heterogeneous spatial distributions of the resource. Moreover, resource and consumer dynamics fluctuate strongly in time when movement is not informed. When few resources are available within the landscape with large P, there is a selection in favour of those individuals that can reach these few patches with resources first (electronic supplementary material, figure S6.8). Therefore, large individuals can invade the population or community resulting in largesized equilibria. However, when resources are highly abundant within the landscape, small-sized individuals can re-invade as they have the shortest life cycle and increase fastest in number (electronic supplementary material, figure S6.9), shifting the equilibrium towards small-sized individuals again. Hence, when P is high, a dynamic equilibrium [60] involving two alternative states is observed: one state with small individuals and one state with large individuals. These shifts do not occur when immigration from outside the landscape is turned off. This confirms the significance of immigration as a mechanism maintaining fundamental genetic variation [5] . Some rate of immigration is realistic as open communities are the rule rather than the exception in nature [3, 61] .
When movement is uninformed, individuals decrease in size with decreasing levels of suitable habitat. As large individuals move further, they have the highest chance of ending up outside suitable habitat. This risk is even more elevated when the landscape is less autocorrelated, resulting in even smaller individuals. When P ¼ 0.50 and movement is uninformed, the equilibrium with only small individuals is almost never achieved. Probably, at this particular ratio of suitable versus unsuitable habitat, gaps of unsuitable habitat are relatively easily crossed by large individuals, whereas small individuals rarely manage to cross such gaps (see the electronic supplementary material, part S7). This mechanism might be comparable to the mechanism allowing for emigration-mediated coexistence in food webs: the competitive strength of a strong competitor is lowered by its emigration, enabling coexistence with a weaker competitor [39] .
In the case of partially informed movement, no clear effect of habitat loss and fragmentation on body size is visible. Still, average body mass is smallest when very few suitable cells are present and they are strongly aggregated (P ¼ 0.05, H ¼ 1). Consequently, all cells are within reach of the smallest individuals, lowering the advantage of large individuals. Only within this scenario, the consumer went extinct within two out of the 10 simulations. The analysis of g variability at the landscape scale highlights that small individuals with partially informed movement are most vulnerable in this scenario. Partially informed small individuals might have the highest extinction chance as (i) they have low probability of locating cells with high resource abundance (versus a scenario with informed movement), and (ii) experience strong competition (versus a scenario with uninformed movement). These reasons also explain why small individuals do not occur in any simulation in which the little available habitat is spread widely across the landscape (P ¼ 0.05 and H ¼ 0), as then even fewer cells are reachable for the smallest individuals. Therefore, large individuals invade the landscape as they can also access the more isolated cells.
(c) Model robustness
Our sensitivity analyses showed that our model results were robust. Only immigration rate and growth speed of the resource affect the outcome. When the growth speed of the resource and thus productivity is lowered, no large individuals are observed in any simulation and many simulations rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20180953 go extinct. As large individuals need a minimum amount of resources to survive, they are no longer able to persist. When immigration rate is deactivated, large individuals completely disappear in some scenarios (e.g. when P ¼ 0.90, H ¼ 1 and movement is uninformed) as they occur at much lower abundances than small individuals and are therefore more susceptible to drift. However, when large individuals remain in a certain scenario without immigration, the strength of selection in favour of these large individuals is illustrated.
(d) Implications and limitations
Our model includes most crucial allometric rules, but some important ones have not yet been included as no consensus is available across taxa (e.g. the relationship between size and number of eggs per clutch [6] or the link between size and time invested in movement [62]). Arthropods [63] as well as vertebrates [64] show strong variation in information use during movement. Many polyphagous locusts and caterpillars show uninformed movement [65, 66] , while specialized insects rely on olfactorial or visual cues [67, 68] . In mammals and birds, the level of informed movement depends on the accuracy of the habitat cues. It thus appears more tightly related to the prevailing environmental conditions [64] and is often influenced by human environmental impact [69, 70] . In this respect, our theoretical findings explain variation in body size according to information use and habitat fragmentation in several taxa that move actively and grow deterministically. For instance in birds, gap-crossing ability (as a proxy for efficient information use) increased with body mass and eventually resulted in higher local abundances [71] . Generally, habitat fragmentation has been shown to cause (often inconsistent) shifts in body size in a wide array of taxa, across and within species (e.g. mammals [23, 31] , birds [71, 72] and arthropods [21, 24, 27, 32] ). Our model provides a mechanism explaining why large individuals or species disappear (uninformed movement) or are on the contrary favoured (informed movement) when resources become fragmented.
We still lack insights into information used for many species, but we here provide a novel working hypothesis to test how sensory traits and landscape structure jointly determine macroscopic ecological patterns. Any further continuation of our theoretical work needs to consider proper scaling [46] . The scale of the effect depends on both the species and the landscape variable of interest [46] . We build our model on the assumptions that species disperse by means of routine movement, with the scale of effect increasing with home range size [46] . The model is therefore expected to be relevant at extents that approximate the home range of the (largest) species of interest and a grain size approximating the average grain of perception. In nature, home range sizes increase with body size, trophic level and are larger for flying organisms [28, 73, 74] . However, home range size also depends on the local environmental conditions and habitat configuration [73, 75] , and if these change, intraspecific changes in body size can be equally anticipated.
Conclusion
Empirical inconsistencies in body size responses to habitat loss and fragmentation have so far been attributed to differences in scale [21] and in the suitability of the matrix [32] and whether an equilibrium was obtained (e.g. extinction time lags) [19] . Our model provides an alternative explanation: the level of informed movement. Moreover, it highlights the relevance of not only habitat loss but also of fragmentation, because the latter reinforces the effect of the former. Importantly, our model reveals that habitat fragmentation and loss lead to a possible introduction of large individuals or species when settlement is informed and a disappearance of large individuals when settlement is uninformed. When movement is informed, habitat loss and fragmentation not only affect body size distributions but also result in more heterogeneously distributed resources and less stable consumer -resource dynamics, affecting metapopulation and metacommunity viability.
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